Recently, a super-elastic collision of large-scale plasmoids i.e. solar coronal mass ejections (CMEs) has been observed and further supported by numerical simulations. However, the energy gain by the system in the collision process is not clear. In-fact during plasmoids collision process, the energy exchange mechanism is still a chronic issue. Here, we present conclusive in situ evidence of sunward torsional Alfvén waves in the magnetic cloud after the super-elastic collision of the largest plasmoids in the heliosphere. We conclude that magnetic reconnection and Alfvén waves are the possible energy exchange mechanism during plasmoids interaction.
INTRODUCTION
A coronal mass ejections (CMEs) have paramount importance in space physics for their key role in extreme space weather and geo-effectiveness [1] [2] [3] . The collision of two or more CMEs in heliosphere highly affect their dynamic evolution properties and contribute in enhanced geo-effectiveness [4] [5] [6] [7] [8] [9] [10] [11] . The results obtained from CME-CME collision studies have justified being an in-elastic/elastic collision or super-elastic collision [6, 10, [12] [13] [14] . The inelastic/elastic collision of the CMEs can be understood on the basis of classical two body collision process but a super-elastic collision is an unusual process. A simple definition for super-elastic collision is 'a collision where the kinetic energy of colliding system after collision is greater than the kinetic energy before collision' [10, 12, 13] . The examples of super-elastic collisions between hard spheres and soft plates are found in granular physics and nano-clusters whereas an increase in kinetic energy explained via the rotational motion and thermal fluctuations [15] [16] [17] [18] . However, these physical mechanisms are implausible for CMEs collision. The energy exchange mechanism during large-scale plamoid interaction as well as total kinetic energy gain during CME-CME super elastic collision is ambiguous. The study of underlying physical mechanism will also advance the understanding of CME and planetary magnetosphere interaction, their energy exchanges and contribution in geo-effectiveness in case of Earth-globe studies.
The Sun-Earth Connection Coronal and Heliospheric Investigation (SECCHI) [19] suites on-board the twin Solar Terrestrial Relation Observatories (STEREO) [20] and the Large Angle and Spectrometric Coronagraph (LASCO) 2 [21] on board the SOlar and Heliospheric Observatory (SOHO) are the spacecraft which contributes to give fruitful information about dynamic evolution of CMEs and their interaction in interplanetary space through multiple viewpoints using Coronographs(CORs) and Heliospheric Images(HI). The first remote observation of super-elastic CME-CME collision suggests that the magnetic and thermal energy of CMEs should be sufficient to provide a ∼ 6.6% increase of kinetic energy of colliding system during interaction process [10] . Subsequently, 8 cases of interacting CMEs are studied in detail which includes estimation of their propagation and expansion speeds as well as the direction of impact and masses. They concluded probabilistic nature of CME-CME collisions by considering the large uncertainties in the estimated directions, angular widths and pre-collision speeds [12] . Here, we study the in situ properties of most probable (90-75%) super-elastic CME-CME collision case to understand possible energy exchange mechanism during their interaction. The CMEs under study erupted from Sun's surface on 14th February 2011 and 15th February 2011 and cross the WIND satellite on 18/19 February 2011 [12] . The same CME-CME collision event studied in past; (i) by focusing on their interaction corresponding to different position angles [22] (ii) their geometrical properties and the coefficient of restitution for the head-on collision scenario [23] . The recent work [12] considered an oblique collision scenario and estimate the coefficient of restitution (e) as 1.65. The collision leads to an increase in the momentum of first CME by 68% and a decrease of 43% in the second CME compared to their values before the collision. Thus, the collision results in an increase of 7.33% in the total kinetic energy of the CMEs and was interpreted as super-elastic nature [12] .
OBSERVATIONS
The heliospheric remote imaging techniques can be used to track the CME and determine the possibility of CME-CME interaction however, it cannot suggest what are the physical mechanism involve in their interaction or how energy exchange takes place during the interaction. Here, the plasma within/outside the CME collectively responding to this energy transfer during interaction and expected to show variations in their properties. Therefore, to understand energy transfer processes, the single and/or multiple in situ observations of the same event is expected to be the appropriate tool as compare to remote imaging techniques. In-fact in CME dynamic evolution investigation, various studies either explicitly or implicitly assume a coherent structure of CME. This implies that the one-point in situ measurements of CME cloud are representative of its global picture [24] [25] [26] [27] . Maričić et al. (2014) studied heliospheric and in situ observations of the same CME-CME interaction event to understand corresponding Forbush decrease phenomena [28] [29] [30] . It was inferred that there was combination of three CMEs instead of two CMEs. Those three CMEs ejected on 13 th (here onward designated as CME1), 14 th (CME2) and 15 th (CME3) February 2011 interacted on their way and appeared as single complex interplanetary disturbance at 1 AU [28, 31] .
The in situ observations of the highly complex structure has been illustrated in Figure 1 consisting of several different regions which have been remarked by numbering on the top with different color shades. The first (yellow shade) region shows clear sharp discontinuity in all plasma data which is interpreted as an onset of shock. The shock-front is followed by high plasma density, temperature and thermal pressure; large magnetic field fluctuations and enhanced magnetic field strength which is manifested as shock sheath region [32] . In the region 2 (cyan shade), the elevated magnetic field strength, decreased in plasma temperature and thermal pressure, very low plasma beta (β) and gradually decreasing solar wind speed is observed which is ascribed as a magnetic cloud like-structure [33, 34] .
However, due to its interaction with 2nd CME, the clear signature of the magnetic field rotation is not evident.
Region 3 (purple shade) shows a sharp drop in the magnetic field strength; increase in plasma parameters such as plasma temperature, plasma beta (β), thermal pressure and turbulent nature of solar wind speed. This region is sandwich between two sharp discontinuities. The demonstrated variations in the magnetic field and plasma parameters indicates the presence of the magnetic re-connection-outflow exhaust [35] [36] [37] between two CME magnetic clouds [14, 38] The similar in-situ data analysis is described and detail justification for this ad-hoc hypothesis is presented (V − V HT ) and Alfvén velocity confirm the presence of Alfvén waves [39] . Beside this, another obvious characteristic for identifying Alfvén waves is the well-correlated changes in magnetic field B and plasma velocity V . This is described by the Walén relation [40, 41] as
where A is the anisotropy parameter, B is magnetic field vector and ρ is proton mass density. In the solar wind, the influence of the thermal anisotropy is often not important and can be ignored, so we usually take A = 1 [42] [39, 44, 45] .
DISCUSSION AND CONCLUSION
Torsional Alfvén waves considered to be generated by following physical mechanisms; (i) twisting straight or homogeneous magnetic field lines, (ii) ejecting axial current at the base of pre-existing flux rope, or (iii) otherwise changing the force balance condition associated with pre-existing flux rope [39, 46] . Such waves are not commonly observed within the magnetic clouds of various sizes in the solar wind. The Alfvénic wave fluctuations are observed in the region where fast and slow solar wind streams interact [43, 47] . Observations also suggest presence of the Alfvén waves during interface of magnetic cloud and solar wind stream [43, 48] . As per our knowledge, this is the first observation of Alfvén waves in a magnetic cloud-cloud interaction.
The heliospheric remote imaging analysis concluded that 3 CMEs interacted in interplanetary space before arriving at 1 AU (position of Wind satellite) [12, 22, 28] . The observation manifest that CME1 and CME2 are boosted by CME3 due to its excess speed. The Drag based model suggest region 2 as MC of CME1, combine region 4 and 5 as MC of CME2 and region 6 as MC of CME3 from Figure 1 [28] . The identification of region 3 as magnetic re-connection-outflow exhaust [35] [36] [37] indicate that the magnetic reconnection mechanism as a major interacting mechanism between CME1 and CME2. The middle CME2 MC (region 4 & 5) is sandwiched between leading slower CME1 and fast following CME3. Therefore, it is highly compressed and overheated. Moreover, observations suggest 18 hrs of collision time after which there is the separation of the CMEs [12] . The energy exchange mechanism in CME and planetary magnetosphere interactions is one of the intriguing problems in space-physics or space-weather studies. The each planetary magnetosphere is considered as one type of plasmoid in heliosphere with a particular orientation of magnetic field. It is clearly noticeable that the slow-fast solar wind stream interaction, magnetic cloud-solar wind stream interaction and magnetic cloud-cloud interaction give rise to magneto-hydrodynamic ( torsional Alfvén) waves in plasma. In a condition of opposite magnetic orientation of the plasmoids, the magnetic reconnection is the possible physical mechanism of their interaction e.g. geomagnetic storms.
The fluctuating B z fields comprising Alfven waves are expected to cause a type of auroral electro-jet activity called high-intensity, long duration, continuous AE activity (HILDCAAs) [49] . Their presence may contribute substantially to geo-effectiveness of magnetic cloud-magnetosphere interaction [45] . Therefore, the interaction of these Alfvén waves with the magnetic cloud and planetary magnetosphere should be investigated further.
We conclude that the magnetic reconnection and torsional Alfvén waves are the most important energy exchange mechanisms during plasmoids collisions as well as CME and planetary magnetosphere collisions. Furthermore, both these physical mechanisms significantly contribute in geo-effectiveness of geomagnetic storms with respect to the Earth magnetosphere and solar wind (including various structure within solar wind) interaction.
